The rst initial-boundary value problem for the system modelling the motion of the incompressible viscoelastic Kelvin Voigt uid in the magnetic eld of the Earth is investigated considering that the uid is under external inuence. The problem is studied under the assumption that the uid is under dierent external inuences depending not only on the coordinates of the point in space but on time too. In the framework of the theory of semi-linear Sobolev type equations the theorem of existence and uniqueness of the solution of the stated problem is proved.The solution itself is a quasi-stationary semitrajectory. The description of the problem's extended phase space is obtained.The results of the computainal experiment are presented.
Introduction
Consider the rst initial-boundary value problem for the system modeling the motion of the incompressible viscoelastic Kelvin Voigt uid in the magnetic eld of the Earth
v(x, t) = 0, b(x, t) = 0, (x, t) ∈ ∂D × R + .
Here vector-functions v and b correspond to velocity and magnetic induction respectively, p is the pressure, vector-functions f 1 and f 2 correspond to external inuences on the uid and magnetic eld respectively; Ω = 1 2 ∇×v is angular velocity, ∇ is operator of Hamilton, δ is the magnetic viscosity, µ is the magnetic permeability, ρ is the density, D ⊂ R n is the cylinder's domain with the boundary ∂D of the class C ∞ .
This work continues investigations of magnetohydrodynamics models which were started by the authors in [2, 3] . Its distinctive feature is that there are vector-functions
in the right part of equations (1). The rst initial-boundary value problem (1) (3) is reduced to an abstract Cauchy problem for a semi-linear non-autonomous Sobolev type equation. On the base of the solvability theory of the indicated problem the theorem of existence and uniqueness of the solution of the stated problem is proved. The solution itself is a quasi-stationary semitrajectory. The description of the problem's extended phase space is obtained. The results of the computational experiment are represented. The results of part 1 are taken from [4] , the results of part 2 are obtained on the base of the results [2] . During the computational experiment the methods of solution of the initial-boundary problem (1) (3) are used. They were described in [3] . Also we used the software package [5] . Consider the Cauchy problem for the semi-linear non-stationary Sobolev-type equation
Here the operator L ∈ L(U; F), i.e. it is linear and continuous, ker L ̸ = {0}; the operator M : dom M → F is linear and closed and it is densely dened in U, i.e. M ∈ Cl(U; F); U and F are Banach spaces. Let U M be the lineal dom M equipped with the norm of the graph
, and the function f ∈ C ∞ (R + ; F). Consider (4) under condition that the operator M is strongly (L, p)-sectorial [4] . It is well known that in this case a solution of this problem exists not for all u 0 ∈ U M , and even if it exists it may be non-unique. So we introduce two denitions: the extended phase space and quasi-stationary semi-trajectory.
It is well known that if the operator M is strongly
are the kernels, and
are the images of the analytic solving semigroups 
So we reduce (4) to
where
is the corresponding projector.
We study such quasi-stationary semi-trajectories of (4), for which Ru 0 ≡ 0. Assume that the operator R is bi-splitting , i.e. its kernel ker R and image im R are complemented in the space U. Denote U 00 = ker R, and U 01 = U 0 ⊖ U 00 is a complement of the subspace U 00 . Then the rst equation of (5) is reduced to the form Ru
Theorem 1. Let the operator M be strongly (L, p)-sectorial, and the operator R be bisplitting. Let there exist a quasi-stationary semi-trajectory u = u(t) of equation (4). Then it satises the following relations
It is known that if the operator M is strongly (L, p)-sectorial then the operator S is sectorial. So it generates an analytic semigroup on U 1 . Denote it as {U
shows that there exists a projector P ∈ L(U) corresponding to this splitting. It can be shown that P ∈ L(U M ). Then the space U M splits into the direct sum Theorem 2. Let the operator M be strongly (L, p)-sectorial, the operator R be the bisplitting one, the operator F ∈ C ∞ (U M ; F), the vector-function f ∈ C ∞ (R + ; F). Let the following conditions be satised:
Then there exists a unique solution of (4), which is a quasi-stationary semi-trajectory of equation (4). Following [2] consider problem (2), (3) for system (1) transformed to the form
Then similarly to [2] we introduce the spaces U and F, the operators L and M generated by the problem (2), (3) for the transformed system (1). Strong (L, 1)-sectorialness of the operator M under the assumption χ −1 / ∈ σ(A), A = ∇ 2 E n (E n is identity n × n matrix) is established using the Theorem 3. The form of the nonlinear operator F is similar to the one in [2] , only the rst and the second elements of the vectorcolumn include the term f 1 , and the last element includes f 2 . Belonging of F to the class
is proved by calculation of the Frechet derivatives of this operator. Therefore, all assumptions of Theorem 1 and Theorem 2 are satised. Consequently, the following result holds.
, then for all u 0 ∈ M and some T ∈ R + there exists a unique solution u = (u σ , 0, u p , u b ) of (1) (3) which is a quasi-stationary trajectory.
Moreover, u(t) ∈ M for all t ∈ (0, T ).
Here A σ is a restriction of the operator A on the corresponding subspace of solenoidal vectors. u σ , 0, u p , u b are the elements of the corresponding subspaces of Banach space U [2] ; M is the extended phase space of (1), (3) , which has the following form
Computational Experiment
Introduce a cylindrical coordinate system (r, φ, z) with center O on one side of the surface of the cylinder D and combine Oz axis with the cylinder axis. In the future, we will assume that a ow of uid is axially symmetric. Conducted computational experiments show a computational stability and computational eciency of the developed algorithm for numerical solution of initialboundary problem (1) (3). 
